This paper studies the thermal properties of three-terminal mesoscopic dielectric systems in the nonlinear response regime at low temperature. For a symmetric three-terminal system, when the temperature is finitely different between the left and right thermal reservoir, the temperature of the central thermal reservoir is always higher than the averaging temperature of the others. This nonlinear thermal phenomenon is also observed for asymmetric three-terminal systems. At the end, a model of thermal rectification is presented.
With the development of the modern electronics, heat conduction, as the counterpart of electric conduction, has attracted much attention in recent years. Some research works [1, 2, 3, 4] focus on the universal quantum of thermal conductance which is predicted by Rego and Kirczenow [5] and has already been verified by experiment [6] . The quantum of thermal conductance indicates that the heat conduction is determined by the ballistic transmission of the acoustic phonon at low temperature. On the other hand, thermal rectification to control the heat flux [7, 8, 9, 10, 11, 12, 13, 14] is very interesting. Experimental work to demonstrate the thermal rectification is reported recently [15] .
Based on the above efforts, this paper further studies thermal rectification in ballistic heat conduction. For heat conduction in a two-terminal mesoscopic dielectric system at low temperature, because transmission coefficients of ballistic phonons are independent on the temperature, there should be no thermal rectification [12] . But, for electric conduction within a three-terminal ballistic junction, previous investigations have indicated the nonlinear ballistic transport of electrons.
That is, if voltages V L and V R are applied on the left and right branches of a symmetric threeterminal ballistic junction in push-pull fashion, with V L = −V R , the voltage at the central branch is always Negative [16, 17, 18, 19, 20, 21, 22] . This nonlinear property can be used for rectification, second-harmonic generation, and logic function [23, 24, 25] . Motivated by the nonlinear electrical properties in three-terminal ballistic junctions, in this work, we study the thermal properties of three-terminal mesoscopic dielectric systems in the nonlinear response regime and try to propose a model of thermal rectification. The model works at low temperature in order to keep the ballistic transmission of phonons, similar with the model taken in Ref. [14] .
The geometry of the symmetric three-terminal mesoscopic dielectric system is sketched in Fig. 1 . Regions -L, -R and -C are left, right and central terminals, respectively. Region -J is the midsection. Assuming that the terminals are perfect and phonons coming from thermal reservoirs are not scattered within the terminals, the energy fluxQ i from terminal i (i = L, R, C) flowing into the midsection J can be expressed as [26, 27] 
where By using the Taylor expansion of the Bose-Einstein distribution function n(T i , ω), when |∆T | is a small value, the temperature T C can be written as
where
Here, τ RC,m = τ LC,m by the symmetry of the system and the independence on the temperature of the transmission coefficients. Thus, T C depends quadratically on ∆T for small |∆T |. By using
Thus, it is obtained that α > 0 and α ∝ 1/T 0 approximately. Thus T C > T 0 = (T L + T R )/2 is always true when the temperature difference between the left and the right thermal reservoirs is finite.
Next, we will carry out numerical calculations for a three-terminal system shown in Fig. 1 .
The scalar model for the elastic wave is considered. And the model for thin geometry at low temperature is used so that the calculation is two-dimensional. So we can derive the transmission coefficient, τ ji,m , by the scattering matrix method [26, 28, 29] . In the calculation, we employ the following values of elastic stiffness constant and the mass density for GaAs At this low temperature, the phonon relaxation can be neglected [26] and the heat conduction is mainly determined by the ballistic transmission of the acoustic phonons. 
where 
